Abstract. For the solution of the generalized complex non-Hermitian eigenvalue problems Ax = λBx occurring in the spectral study of linearized resistive magnetohydrodynamics (MHD) a new parallel solver based on the recently developed Jacobi-Davidson [18] method has been developed. A brief presentation of the implementation of the solver is given here. The new solver is very well suited for the computation of some selected interior eigenvalues related to the resistive Alfvén wave spectrum and is well parallelizable. All features of the spectrum are easily and accurately computed with only a few target shifts.
Introduction
Plasma is the single most occurring state of matter in the universe. It is characterized by such high temperatures that almost all atoms are ionized completely. In most situations where plasmas occur a magnetic field is present which will interact with the charged plasma particles. On a global scale, i.e., on time and length scales much larger than typical kinetic time and length scales, the interaction of plasma with magnetic fields can be described by magnetohydrodynamics (MHD). This theory is scale invariant so that it is applicable to such diverse and utterly different objects as stellar winds, coronal loops, and thermonuclear fusion plasmas in tokamaks, to name a few.
A key aspect of the MHD analysis of plasmas is the study of waves and instabilities. In thermonuclear fusion plasmas the goal is to confine a dense hot plasma for as long as is necessary to reach ignition. MHD instabilities limit the densities that can be obtained and, hence, have a negative impact on fusion operation. In fact, the main activity of the MHD fusion theory in the last thirty years has been to increase this limit by optimizing the plasma profiles and plasma cross-section with respect to stability, see for example Ref. [5] . From a plasma physics point of view this emphasis on (in)stability does not do justice to the importance of the stable part of the spectrum. Besides the fact that a multitude of observed phenomena in astrophysical and laboratory plasmas are wave-like, detailed knowledge of the spectrum of waves allows for MHD spectroscopy (see, e.g., Refs. [10, 1, 9, 2, 4] ). Free oscillations (waves) play a dominant role in MHD spectroscopy. It is the computation of these free eigen-oscillations that we are interested in in this paper.
Mathematically, free oscillations and instabilities of a resistive MHD plasma are described by a large complex non-Hermitian generalized eigenvalue problem. Until recently, the large scale spectral codes CASTOR [16, 12] and POLLUX [6] that we employ for the computation of tokamak and coronal loop spectra calculated them either by solving for the whole spectrum with a direct dense matrix method like QR or using inverse vector iteration for a selection of eigenpair solutions in the neighborhood of a target value [11] . The QR method is limited to very coarse meshes (due to its storage and computation requirements) and large values of the resistivity (to get reasonably converged results). Therefore, the eigenvalues obtained with QR are normally used as initial guesses for the inverse vector iteration only. For the application of interest, viz., the computation of the resistive Alfvén wave spectrum for realistic small values of the resistivity (η < 10 −7 ), the QR eigenvalues are very poor initial guesses. The original versions of the CASTOR and POLLUX codes contained a two-sided Lanczos solver with no orthogonalization [3, 11] . Since no orthogonalization is used criteria are implemented that do away with occurring spurious eigenvalues. However, these criteria are not bullet-proof. Not all spurious eigenvalues are removed and occasionally proper eigenvalues are labeled as spurious and removed. Furthermore, the accuracy of the computed eigenvalues is generally poor and the inverse vector iteration has to be used to get good converged eigenvalues. We needed a more robust iterative solver to obtain several eigenvalues at once within a specified region of the complex plane. We have opted for the Jacobi-Davidson method.
The Jacobi-Davidson (JD) subspace iteration method is a new and powerful technique for solving non-symmetric eigenvalue problems in a sequence of steps [18, 19, 20] . It is extremely suitable for solving the resistive Alfvén spectrum since such a spectrum consists of many complex branches. To obtain converged results on the interior Alfvén modes, an effective search mechanism is highly desirable. Such a search mechanism is provided by the JD algorithm. Compared with the Arnoldi method, where the projection matrices are always upper Hessenberg, these matrices in JD are transformed to upper Hessenberg each step. This allows the restart technique of JD to be simpler. Another difference is the fact that by selecting the Ritz value that has the maximum absolute value the JD method can be accelerated (see also [14] ).
In this paper we briefly describe the JD method and its parallel implementation for use in MHD spectral computations and apply it to the calculations of some resistive MHD spectra in tokamaks.
